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1.0 Project Management

1.1 Project/Task Organization

The organizational structure for the Hydraulic Fracturing Retrospective Case Study located in the
Bakken Shale, in Dunn county and near the city of Killdeer, ND is shown in Figure 1. The
responsibilities of the principal personnel associated with this case study are listed below.

Dr. Douglas Beak, U.S. Environmental Protection Agency, Office of Research and
Development, National Risk Management Research Laboratory, Robert S. Kerr Environmental
Research Center, Ada, OK. Dr. Beak is the principal investigator of this project and is
responsible for preparing and maintaining the QAPP and ensuring completion of all aspects of
this QAPP, including overall responsibility for QA. He will lead the collection, analysis, and
interpretation of groundwater and surface water samples. He is the Health and Safety Officer for
groundwater and surface water sampling activities carried out by NRMRL-Ada. His
HAZWOPER certification is current.

Dr. Robert Puls, U.S. Environmental Protection Agency, Office of Research and

Development, National Risk Management Research Laboratory, Robert S. Kerr Environmental
Research Center, Ada, OK. Dr. Puls is the Technical Research Lead for case studies . He is also
assisting in the coordination of the Hydraulic Fracturing Study with the North Dakota dustrial
Commission, Qil and Gas Division (NDIC) and North Dakota Department of Health, Division of
Water Quality (NDDWQ).

MTr. Steve Vandegrift, U.S. Environmental Protection Agency, Office of Research and
Development, National Risk Management Research Laboratory, Robert S. Kerr Environmental
Research Center (RSKERC), Ada, OK. Mr. Vandegrift is responsible for quality assurance
review/approval of the Quality Assurance Project Plan (QAPP), conducting audits, and QA
review/approval of the final report. His HAZWOPER certification is current.

Mr. Russell Neill, Environmental Protection Agency, Office of Research and

Development, National Risk Management Research Laboratory, Robert S. Kerr Environmental
Research Center, Ada, OK. Mr. Neill is responsible for assisting in ground water sampling. His
HAZWOPER certification is current.

Dr Randall Ross, U.S. Environmental Protection Agency, Office of Research and Development,
National Risk Management Research Laboratory, Robert S. Kerr Environmental Research Center
(RSKERC), Ada, OK. Dr. Ross will assist in the analysis of hydrologic conditions at the
Killdeer site and will assist in the development of the site hydrologic conditions. His
HAZWOPER certification is current.

Mr. Steve Acree, U.S. Environmental Protection Agency, Office of Research and Development,
National Risk Management Research Laboratory, Robert S. Kerr Environmental Research Center
(RSKERC), Ada, OK. Mr. Acree will assist in the analysis of hydrologic conditions at the
Section No. 1
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Dr. Jennifer Gundersen, U.S. Environmental Protection Agency — Region Iil, Ft. Meade, MD.
Dr. Gundersen will analyze samples for glycols,

Mr Ryan Jacob, Denbury Onshore, LLC. Mr. Jacob is the primary point of contact with
Denbury and will assist in coordination of field sampling ectivities. Mr. Jacob will also act as
the liason between Denbury and EPA as well as Terracon Consultants the onsite contractor,

Mr. Michael Bullock, Terracon Consultants. Mr Bullock is the point of contact inside of
Terracon.

Dr. Zell Peterman, U.S. Geological Survey, Denver, CO. Dr. Peterman is resp;onsible for the
analysis of strontium isotope ratios.

Doug Beak is responsible for initiating contact with appropriate project participants as he deems
necessary. Other project participants will keep Doug Beak informed whenever significant
developments or changes occur. Lines of communication among project participants may be
conducted via in person conversations, electronic mail, phone conversations, conference calls,
Environmental Science Connector and periodic meetings.

1.2 Problem Definition/Background

The retrospective case study in the Bakkan Shale will investigate the potential impacts, if any, of
a well blow out on drinking water resources in Dunn County, near Killdeer, ND. The
investigation will initially involve sampling ground water, beginning July 2011, in the area
surrounding the well pad, Franchuk 44-20SWH, near Killdeer ND. This study will be
conducted in conjunction with the North Dakota Industrial Commission, Oil and Gas Division
(NDIC); North Dakota Department of Health, Division of Water Quatity (NDDWQ); U.S.
Environmental Protection Agency, Region VIII (EPA R8); Denbury Onshore, LCC (Denbury),
Terracon Consultants (Terracon); and U.S. Environmental Protection Agency, Office of
Research and Development, National Risk Management Research Laboratory, Ground Water
and ~ :ological Restoration Division (GWERD). GWERD will be the lead organization for this
case study.

Killdeer, North Dakota (ND) is located in Dunn County in West Central ND and has an
estimated population of 1000 individuals. The area surrounding Killdeer is currently
experiencing renewed oil and natural gas exploration using horizontal drilling technology and
hydraulic fracturing is being employed to stimulate production in these wells. In September,
2010 an oil well (Franchuk 44-20SWH, operated by Denbury) (Figures 2 and 3) near Killdeer
experienced a uncontrolled blow out during the 5 stage of a 23 stage fracturing operation when
the seven inch intermediate casing burst. This resulted in the spilling of approximately 2000
barrels (84,000 gallons) of hydraulic fracturing fluids (See Table 1 for known constituents) and
oil on to the surface. At this time it is suspected that hydraulic fracturing fluids and oil were
Section No. 1
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sampling and other activities, if appropriate, will occur following evaluation of Phase I results or
whenever revisions are necessary.

1.2.2 Phase 2 Investigations

Phase II activities will likely involve additional ground-water sampling, monitoring well
sampling, and may involve installation of temporary or permanent wells for
hydrogeologic and geochemical characterization, and geophysical surveys. These will be
used to further refine the site conceptual model and the types of sampling and
methodology will be outlined in future revisions to the QAPP.

1.2.3 integration of Phase 1 and 2 investigations and determination of impacts to drinking
water resources

Multiple lines of evidence will be needed to artive at conclusions concemning the sources of
impacts to drinking water. Hydraulic fracturing chemicals and contaminants which can be
mobilized from native geologic materials can have other sources (e.g., other industries and
naturally present contaminants in shallow drinking water aquifers [e.g., As, U, Ra, Ba]). It will
therefore be necessary to exclude other sources before assigning hydraulic fracturing operations
responsibility for impacts to drinking water supplies. Some hydraulic fracturing chemicals are
used in a host of different products and processes which could also find their way into drinking
water supplies. Reactive transport models can be useful in supporting data from site assessments
to support or refute conceptual models regarding exposure pathways and impacts. These same
models can also help in assessing uncertainties associated with conclusions regarding the source
of impacts.

1.3 Project/Task Description |

In order to accomplish the primary objective listed in section 1.2, the existing monitoring wells
network, the domestic wells, municipal supply wells, and the supply wells will be sampled
(Figures 1, 2, 3) and analyzed for the components of crude oil: Gasoline Range Organics
(GRO), Diesel Range Organics {DRO), volatile organic compounds (VOC), semivolatile organic
compounds (SVOC) and dissolved gases (methane, ethane, propane, butane). In addition, well
samples will be analyzed for glycols, barium (Ba), and select hydraulic fracturing fluids
components {potassium (K), alcohols, naphthalene, and boron (B)), potentially mobilized
naturatly occurring substances (arsenic (As}, selenium (Se¢), strontium (Sr), and other trace
metals), and changes in background water quality (DOC, DIC major anions and cations). Of
these target analytes, those that are critical analytes supporting this primary objective are
delineated in Table 3. A tiered approach will be applied to the use of the glycol data. Initially,
the data will be considered as *“screening” data as the method is under development and is not yet
validated. Once the method is validated, the glycol data will no longer be considered as
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chosen by GWERD SHEMP (Safety, Health, and Environmental Management Program)
manager. The HAZWOPER certificate and wallet card is provided to each person completing
the training.

The laboratories performing critical analyses in support of this case study must demonstrate their
competency in the fields of analyses to be conducted, prior to performing such analyses.
Competency may be demonstrated through documentation of certification/accreditation or some
other means as determined to be acceptable bv nroject participants. The EPA GP laboratory and
the Shaw laboratories, the on-site contractor |  dratory at RSKERC, will be used to analyze
select critical analytes listed in Table 3. These laboratories have demonstrated competency
through the implementation of ORD PPM 13.4 Quality Assurance/Quality Control Practices for
ORD Laboratories Conducting Research whir  includes external independent assessments.
These laboratories are also routinely subjected to internal laboratory assessments and
performance evaluation (PE) samples.

The USEPA Region VIII Laboratory will be used to analyze those critical analytes listed in
Table 3. , This laboratory has been subjected to the National Environmental Laboratory
Accreditation Program (NELAP) accreditation process through the state of Texas and and is
expected to soon be granted approval.

The Region 11T Laboratory will be used to analyze glycols, which is not identified as critical at
this time. However, it is accredited under the NELAP through the state of New Jersey as the
Accrediting Body. The particular method being used by Region III for these analyses are not
accredited, but the laboratory follows all the requirements for an accredited method. However,
initial data reported from the glycol analysis will be flagged as “screening” data from a method
that is currently being developed. Once the data is validated, it will no longer be flagged as
“screening” data.

1.6 Documents and Records

Data reports will be provided electronically as Excel spreadsheets, Shaw's raw data is kept on-
site at the GWERD and will be provided on CD/DVD o Doug Beak. Raw data for sub-
contracted laboratories shall be included with the data reports. Calibration and QC data and
results shall be included. Field notebooks will be kept as well as customized data entry forms if
needed. All information needed to confirm final reported data will be included.

Records and documents expected to be produced include: field data, chain-of-custody (COC),
QA audit reports for field and laboratory activities, data reports, raw data, calibration data, QC
data, interim reports, and a final report.

All field and laboratory documentation shall provide enough detail to allow for reconstruction of
events. Documentation practices shall adhere to ORD PPM 13.2, Paper Laboratory Records.
Since this is a QA Category | project, all project records require permanent retention per
Agency Records Schedv 501, Applied and Directed Scientific Research. . They shall be stored
Section No. 1
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in Doug Beak’s office in the GWERD until they are transferred to GWERD’s Records Storage
Room. At an as yet to be determined time in the future the records will be transferred to a
National Archive facility.
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2 Data Gener onan Acqu’ ition
2.1 Sampling Process Design (Experimental Design)

First sampling event in July 2011 will not include surface water, soil and sediment. The QAPP
will be revised prior to sampling events in which these will be included in the sampling.

2.1.1 Background Hydrolbgical Information

The Killdeer aquifer (Figure 5) occupies an area of about 74 mi’ (190 km?®) in Dunn County. It
extends southward to the Stark County line in the southeast comer. From this point the aquifer
extends east along the northern edge of Stark County. The tributary channels extending
northward from the Stark County are hydraulically connected to the aquifer in Stark County and
are therefore considered to be part of the Killdeer aquifer (Klausing, 1979).

This aquifer composition is predominantly fine to medium sand. However several test holes
indicate fine to coarse gravel near the base (Klausing, 1979). The maximum thickness is 233 f
(71 m) and the mean thickness of the aquifer is 80 ft (24 m) (Klausing, 1979). A geologic cross
section of the aquifer near the Franchuk well is shown in Figure 5B. The aquifer is generally
overlain by clay and silt seils (Klausing, 1979).

Klausing (1979) provides hydrologic data for the Kllldeer aquifer. The transmissivity was
determined to be approximately 10,000 ft* d”' (929 m* d') and a storage coefTicient of 0.02.
Depending on the aquifer thickness and hydraulic conductwlty the aquifer yield was estimated to
range from 50 to 1000 gal min™ (11 to 3785 L min"'). The aquifer is recharged by infiltration of
precipitation and discharged naturally by base ow into Spring Creek, Knife River and by
evapotranspiration. Water levels in the aquifer range from about 0.3 feet (0 .09 m) above Isd to
about 37 ft (11 m) below Isd. Seasonal fluctuations range from about 1 ft (0.3 m) to a maximum
of about 7 ft (2 m). The minimum seasonal fluctuations occur in a confined part of the aquifer,
whereas the maximum fluctuations occur in an unconfined part. Klausing (1979} estimated that
the water potentially available in storage of the Killdeer aquifer is 568,000 acre-ft.

Klausing (1979) also reported on the water quality of the Killdeer aquifer (Table 5). . general
the water is very hard and either a NaHCO; or NaSO, type water. In general the northem
portion of the aquifer is of better quality than that of the south. The TDS in the northern portion
rarely exceeds 1100 mg L™, but in the southern portion of the aquifer TDS commonly exceeds
2000 mg |

2.1.2 Installation of Monitoring Wells

Terracon (contracted by the well operator, De  1iry Resources) was contracted for the
installation of monitoring wells (Figure 4). The physical characteristics of the monitoring wells
are provided in Table 2. According to the information provided by Terracon to the NDDWQ the
groundwater flow direction is to the southwest and has relatively uniform gradient of 0.0009 ft ft"
Section No. 2
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Revision History

Added ¥S:/%r isotopes to analyte list

Added O, H stable isotopes of water

Added section for phased approa  for case studies

Revised sampling protocols for domestic wells, supply wells, and water commission
wells

Revised background information based on new information from Denbury

Added USGS Laboratory contact information

Revised Analysis of Data section

Revised Assessment Results section- Reports will now be submitted to Technical
Research Lead for Case Studies

Revised Reports to Management section- Audit reports will be sent to Technical
Research Lead for Case ! dies

Updated Reference section to include new references for isotopes and ficld paramenters
Updated Table 3, 8, and 11 to include current methods used

Updated Table 9 to clarify Field QC samples needs

Revised Table 13 to reflect QC sample frequencies

Revised Table 14 to reflect new QC information provided by EPA RS lab

Added Table 16 for USGS QA/QC requirements

A led Figure (Figure 6) to show sampling of municipal supply wells d sampling port
Added Figure (Figure 7) to show sampling of water supply well and and sampling
adaptor '

A ed Figure (Figure 8) to show the sampling of ND Water Commission well using a
portable biadder pump

A ed Appendix A for Sr isotope methodology used by USGS
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